The hemagglutination of red cells by group B arboviruses may be affected nonspecifically in two ways by serum from normal animals of widely differing species. Firstly, normal bovine serum has been shown to contain natural agglutinins to goose red cells (14) . Secondly, nonspecific serum inhibitors of viral hemagglutination (HA) have been demonstrated in human, bovine, rabbit, rat, chicken and other avian species, reptile and fish sera. The lipid nature of a human serum HA inhibitor was first perceived by Chanock and Sabin (2) and further studied by Porterfield and Rowe (11) who described the inhibitory activity in serum fractions containing choline, phosphates, and fatty acids. The lipoprotein nature of the inhibitor has been confirmed or inferred in other studies by removal after treatment with acetone or kaolin or both (1, 3, 4, (13) (14) (15) .
The isolation of dengue virus from tissues obtained at postmortem of patients dying with 1 dengue hemorrhagic fever has been singularly unrewarding (10) . Assuming virus to be present in these tissues, it seemed probable that the techniques used for their isolation might also release nonspecific neutralizing substances.
The purpose of this paper is to describe the presence and relative importance of neutralizing activity and inhibitors of hemagglutination present in different tissues of normal rhesus monkeys. In addition, an attempt has been made to characterize and demonstrate differences between serum and tissue inhibitors of hemagglutination and nonspecific factors in normal tissues which inhibit plaque formation by dengue viruses.
MATERIALS AND METHODS
Animals. Adult, female rhesus monkeys purchased from India were used after a 6-week quarantine period. (12) . Briefly, 0.3 ml of three different concentrations of a tissue extract was added to 0.3 ml of virus suspension and allowed to incubate in a water bath at 37 C for 1 hr after mixing on a vortex mixer. After this initial incubation, 0.2 ml of virus-extract mixture was added to 1.8 ml of diluent, and 0.2 ml of this mixture was added to each of three plaque bottles containing MK2 cell monolayers. The concentrations of each tissue extract before mixing with the virus suspension varied somewhat depending on tissue size. Generally, the three dilutions used ranged as follows: (i) 1:5-1:20, (ii) 1:50-1:400, (iii) 1:500-1:4,000. Each plaque bottle receiving the diluted virus-extract mixture was then incubated at 37 C for 1.5 hr with periodic rotation of the bottle. At the end of the second incubation period, the fluid mixture was poured off, and the one stage agar medium overlay was added to the cell sheet (6) . In order to maintain a standard for each virus studied, the number of plaque forming units added to each 1 -oz Chromatography. Serum or liver extracts were eluted from a Sephadex G-200 column with a tris-(hydroxymethyl) aminomethane (Tris) -hydrochloride buffer. Five-ml fractions were collected, and the relative protein concentration was determined by measuring optical density at 280mm with a model DB spectrophotometer (Beckman Instruments, Inc., Fullerton, Calif.). On the basis of the shape of the protein curves ( Fig. 1 and 2 ), individual 5-ml fractions were pooled and concentrated to 1 ml by negative pressure.
Sucrose density gradient ultracentrifugation. Samples of monkey liver, adrenal, and lung extracts (0.4 ml) or serum (0.25 ml) were layered on top of a 40 to 10%/' sucrose gradient. The gradient was formed by overlaying 0.6 ml of sucrose solution decreasing in concentration by increments of 5%C/D (40, 35, 30, 25, etc.). Each tube contained a sucrose solution volume of 4.2 ml. Centrifugation was carried out at 35,000 rev/min, at 4 C for 16 hr in a model L-2 preparative ultracentrifuge (Beckman) and SW-50 rotor. Fractions consisting of 23 drops each (approximately 0.5 ml) were collected after puncturing the bottom of the nitrocellulose centrifuge tube. Each fraction was dialyzed against phosphate buffered saline, pH 7, and its volume was adjusted to 0.5 to 1 ml.
Other characterization procedures. In addition to Sephadex chromatography and density gradient centrifugation, liver extracts or whole serum or both were treated as follows: kaolin absorption; ether extraction; acetone extraction (7); exposure to 0.12 to 0.24% trypsin at 22 C for 1 hr; precipitation with 33.3 or 50%, final concentration, (NH4)2SO4; dialysis against distilled water; heating at 37, 56, 64, and 100 C ( (Fig. 1) , no significant differences were apparent between the serum of the two species tested.
The results of HI activity for fractions of liver extract are illustrated in Fig. 2 . Inhibition was noted in the first fraction which represents the beginning of the ascending portion of the first peak and which also represents the fractions having the lowest protein concentration. Some activity was also present in fractions 3 (DI, D4), 8 (D1, 2, 3, and 4), and 10 (1, 2, 3, and 4).
Neutralizing activity of G-200 fractions of liver extract are also illustrated in Fig. 2 . Virtually all the activity is in the 2nd fraction (first peak). It will also be noted from the results (Fig. 2) Hemagglutination inhibition (HI) titers and 50% plaque reductioni titers (PRNTso) of fractions of normal monkey liver extract after elution from a Sephadex G-200 column. Each fractiont (roman numerals) was concentrated to I ml and dialyzed against borate buffer, pH 7, before testing. Note separation ofHI and neutralizing activity.
The plaque forming inhibitor present in liver extracts was removed by absorption with kaolin and extraction with acetone. No data were obtained with the remaining parameters for the inhibitors of plaque formation.
DISCUSSION
The data reported here concerning hemagglutination inhibitors in normal monkey serum are in agreement with similar work described for the case of rabbit serum (9) , bovine serum (5), human serum (1, 11, 18) , as well as serum from fish (1), rodents (1) , and birds (1) . The salts are important. The work described here further suggests the involvement of low density molecules resembling those natural inhibitors of hemagglutination It is apparent, however, that inhibition of infectivity (plaque formation) and HA is not mediated by the same substances. Fractionation of liver extract on a G-200 column resulted in isolating the activity in the first peak (2nd fraction) having a high protein concentration. Interestingly, this fraction was devoid of HI activity which was notable in that portion of the curve eluted just prior to this peak (Fig. 2) Pathogenesis studies for dengue virus in monkeys, recently completed in this laboratory, resulted in higher plaque counts for dilute rather than concentrated triturated tissue solutions. It was also noted in that study that the use of cocultivation techniques greatly enhanced the amount of recoverable virus from infected tissue. In the former case, inhibitor is apparently removed by dilution, whereas the latter case precludes contact of virus or cell monolayers with any natural inhibitor of plaque formation present in triturated tissue specimens.
